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Abstract: A full-scale physical model of a modified infiltration trench was constructed to test a new storm water best management
practice called an ecology ditch. The ditch was constructed using compost, sand, and gravel, and a perforated drain pipe. A series of ]
tests were conducted on the physical model. The tests controlled rainfall application and overland roadway runoff amounts and monitore:
outflow from the discharge pipe. The objectives were to increase the time to peak and reduce the peak discharge coming out of the pipi
The results were also used to calibrate a modified existing unsaturated two-dimensional groundwater flow code. After the code wa:
calibrated, computer simulations were performed to determine the effects of storm size, rainfall distribution, constant rainfall application,
media type, initial conditions, and the physical size of the ecology ditch. The simulations used 24-hour duration storm sizes of 0.64, 1.27
2.54,3.81,5.08, and 6.35 cff.25 to 2.5 in.. Peak reduction was found to depend greatly on input hydrograph distribution and the ability

of the soil to store water. In turn, the storage in the soil was found to be dependent on the intensities of the input hydrograph. The peal
delay time for larger storms was quantifiable since it depended on the saturated hydraulic conductivity and the distance of the flow path
For larger storms, the ecology ditch managed a peak reduction in the range of 10 to 50%.
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Introduction are used(Ellis et al. 1986; Schueler 1987; Urbonas and Stahre
1993. In urban areas, land required for treatment facilities can be
As urban areas continue to develop, storm water runoff problemslimited and costly.
become more severe and cost-effective options for treating the ~An “ecology ditch” is a modified partial infiltration trench
problems become more limited. Additional impervious area in- designed for the purposes of reducing and attenuating peak dis-
creases the magnitude of the hydrograph peak, the associated rurtharges and removing pollutants associated with urban storm
off volume, and the pollutant loadin@riscoll et al. 1990; FHA water runoff. A typical infiltration trench allows storm water to be
1996. Adverse impacts include downstream flooding, channel temporarily stored in the porous media backfill. Dewatering of the
scour, and sediment and pollutant transport. Moreover, sincetrench occurs through deep infiltrati¢hlarrington 1989; Duch-
many state and local regulations restrict storm water discharge to€ne et al. 1994 By contrast, when storage capacity is exceeded,
predevelopment hydrograph magnitudes, additional land must bean ecology ditch is drained via a perforated pipe located near the
purchased for storage and detention. The collection networks and?ottom of the trench similar to the design initially proposed by
treatment systems needed to handle the larger storm water volJrbonas and Stahr@993. The drain pipe provides the benefit of
umes and pollutants result in increased infrastructure costs. Tof€moving water from the trench when deep infiltration is too slow
effectively mitigate these impacts, best management practicesOr not desirable. As illustrated in Fig. 1, the trench backfill con-

(BMPs) such as detention ponds, swales, and infiltration galleries Sists of sand and compost layers that retain a portion of the infil-
trated storm water for plant uptake and evaporation. It is the in-

creased affinity for pollutants and the additional potential for
evapotranspiration storage afforded by the compost that makes
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Fig. 1. Isometric of Ecology Ditch

The objectives of this study are to demonstrate the utility of included rainfall and highway runoff application systems allow-
the ecology ditch and provide insight into design considerations. ing variable application rates on the ditch and highway surfaces.
To accomplish these objectives, a full-scale physical model was Three banks of nozzles provided the necessary range of flows to
constructed in the Albrook Hydraulics Laboratory at Washington imitate the Soil Conservation Servi¢8CS Type I-A distribution
State Univ.(WSU), Pullman, Wash. The physical model was sub- for storms ranging from 0.65 crf0.25 in) to 6.35 cm(2.5 in).
jected to simulated rainfall/runoff events to provide the informa- The 4.88 m(16 ft) long model was built on a 2% longitudinal
tion necessary for calibration of the computer cofenulating slope. The cross-sectional dimensions of the ditch are shown in
Water Flow and Solute Transport in Two-Dimensional Variably Fig. 2. Three types of media were layered in the ecology ditch.
Saturated Media (SWMS2OBimunek et al. 1994 The com- The surface media was a 10.2 d@ in.) thick layer of WSU
puter model was used to examine the effects of different ecology compost. Underlying the compost was a clean sand layer, fol-
ditch configurations and demonstrate the impacts of precipitation lowed by 3/8 in. minus gravel used for pipe bedding.
patterns on the effluent hydrograph. Soil properties were determined for each media. Saturated hy-

draulic conductivity tests for the compost, sand and gravel
yielded 0.052, 0.017, and 0.10 cm/s, respectively. As illustrated in

Methods and Procedures Fig. 3, the sand and gravel hydraulic conductivity values fall well
within the ranges reported in literatu(eetter 1994. Bulk densi-
Full-Scale Model of Ecology Ditch ties of 1.60 and 1.61 g/cinwere measured for the sand and

gravel, respectively. Hanging column tests were performed to de-
A physical model was constructed to represent actual field condi- termine the unsaturated van Genutchen parameters as shown in
tions while maintaining precise laboratory controls. The model Taple 1. According to the literature, the van Genutchen curve-
fitting parameterm is often estimated by the equation=1
ReinEilozies —1/n. However, this approach is not universally accepfédl-
son et al. 1992 Sequential iteration of then and n parameters
/ provides an ‘mfree” solution to the moisture release curve. Table
1 contains sets of unsaturated parameters based on both methods.
For the materials used in this study, better results were obtained
- Bank 1 visting Nozze) using them free values. Consequently, the parameters on the left
ﬂN ﬁ& ﬂT\ %N side of Table 1 were used in the computer simulations.

Discharge Plpe
Bank #3 (Highway Runoff Nozzles)
X{ T

(=* ;\/Baf;m\ ) Physical and Numerical Modeling

e WSU

Compost As shown in Table 2, 14 experiments were performed on the
physical model. These experiments tested the effects of storm size
and duration on the outflow hydrograph. The storm events applied
to the physical model followed the SCS Type I-A distribution.

oo | ) — RS Grel The runoff flow rate was based on precipitation falling on a pave-

{ Tl ment surface that was 3.96 (3 ft) wide per foot length of the
ecology ditch. Fig. 4 is a typical result observed during these
tests. Output from these experiments allowed determination of
percent peak reduction and peak delay time for all of the condi-
tions tested. Percent peak reduction is defined by the difference in

‘ 25.4 cm

m 20.3 cm Perforated Pipe

Fig. 2. Dimensions of Ecology Ditch cross section
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Hydraulic Conductivity vs. Soil Moisture Potential
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Fig. 3. Unsaturated hydraulic conductivity comparison between sand and gravel

Table 1. Soil Properties and van Genutchen Parameters

Curve Fit withm Free Curve Fit withm=1-1h
Osat 0, a n M 0sat 0, o n m
Sand 0.35 0.065 0.106 21.04 0.06 0.35 0.070 0.071 291 0.65
Gravel 0.40 0.025 0.137 2.03 1.94 0.40 0.025 0.199 4.41 0.77
Table 2. Summary of Full-Scale Model Experiments propagation were recorded as a function of time. Additionally, the

effects of initial sand moisture content on infiltration behavior

Storm Storm
were tested.

Eljjr:ber (ilrzn(; du;ﬁ)non Description The subscale infiltration experiments provided crucial infor-
” mation with respect to the behavior of infiltrating water. The ef-

1 5.08 24 Initial run used to work out system fects of wing side slopes were tested using 5 and 25% slopes. In
deficiencies general, the wetting front propagation along the 5% slope was

2 3.38 24 Effect of 24 h storm shorter than the 25% slope as shown in Fig. 6. For example, at an

3 - - Steady rain applied until steady elapsed time of 100 min, the wetting front in the 25% slope test
state reached advanced 15 cm further than the front in the 5% slope test. In-

4 - - Determine storage volume below creased wetting front advancement in the 25% slope test is ex-
perforated pipe _ plained by the effect of gravity. The largest impact of gravity

5 1.27 6 Moisture probes installhiled); occurs in the transmission of water behind the wetting front.
Consistency . Rapid wetting front propagation results from a high-potential dif-

6 127 6 Tensiometers installed; Consistency  farence across the wet-dry interface due to high-water contents

7 1.27 6 Rain only applied _ just behind this interfacéHillel 1982).

8 1.27 6 Highway runoff only applied A second important observation from the infiltration experi-

9 1.27 3 Effect of duration ments was the size of the transmission paths resulting from infil-

10 1.27 1 Effect of duration trated water. Three tests were performed to determine the path

11 2.54 6 Effect of storm size thicknesses. The average transmission path thickness was mea-

12 1.27 6 Chloride tracer study #1; Consistency  gyred approximately 30 crl2 in) from the lower end of the

13 0.64 6 Effect of storm size experiment. Table 3 summarizes these measurements.

14 1.27 6 Chloride tracer study #2; Consistency  The path thicknesses vary little at the point of measurement

between the three experiments. The path thickness is a direct

result of capillarity. The sand used in these experiments exhibited

relatively low capillarity resulting in small transmission path
between the input peak and the output peak divided by the inputthicknesses. Fig. 7 illustrates an example of the transmission path
peak. Peak delay time is simply the time between the input hy- thickness for both the dry and wet initial conditions for a 5% side
drograph peak and outflow hydrograph peak. slope. The heavy lines represent the infiltration path resulting

Subscale infiltration experiments were performed to determine from wet initial conditions.

the runoff infiltration behavior with respect to the side slopes of  The results shown in Figs. 6 and 7 illustrate the transmission
the ecology ditch and to investigate whether the runoff was trav- paths thicknesses were relatively independent of initial conditions
eling strictly along the bottom geomembrane. A plexiglas flume and side slopes. Based on these results, it can be assumed the
15.24 cm(6 in.) wide by 111.76 cm(44 in.) long and 30.48 cm  transmission path or the stream tube remains fairly constant in
(12 in.) deep was filled with the same sand used in the ecology size and shape. Since all of the experiments involve applying a
ditch. The flume was tilted to side slopes of 5 and 25% and water spike or a pulse in the input hydrograph, knowledge of how a
applied to the upper end of the flume. Fig. 5 illustrates the layout pulse propagates through the system is important. A spike or pulse
of the infiltration experiment. Measurements of wetting front of water applied to an unsaturated system dissipates as it travels
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Physical Experiment #5
1.27 cm (0.5 in) 6 Hour Storm
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Fig. 4. Outflow hydrograph resulting from 1.27 c(@.5 in) 6-h storm

Table 3. Transmission Path Thickness

Experiment number Slop@o) Initial condition Path thicknes&em)

1 25 Dry sand 10.5
Hypothetical Impervious Surface 2 5 Dry sand 115
3 5 Wet sand 10.0

Fan Nozzle
7

0 40 ——— Dry Init. Cond.
cm Wet Init. Cond.

Fig. 5. Subscale infiltration experiment wetting front map

Fig. 7. Infiltration transmission path&% side slopg
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Fig. 8. Computer model mesh configuration and boundary
Fig. 6. Effect of slope on wetting front propagation after 100 min  conditions

114 / JOURNAL OF HYDROLOGIC ENGINEERING © ASCE / MAY/JUNE 2003



Percent Peak Reduction and Peak Delay Time vs. Storm Size
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Fig. 9. Effects of storm size on peak reduction and peak delay
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Fig. 11. Comparison of 1.27 cn0.5 in) storm for different durations
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Modified and SCS Type IA Hyetographs
24 Hour Storm
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Fig. 12. SCS Type IA and modified hyetographs between 200 and 800 min

through the soil. Dissipation occurs as a result of storage in the 1.20 cm/min(0.024 to 0.47 in./min Additional simulation infor-
soil matrix. The saturation or storage level increases with input mation can be found in Kingl997. Using the results from these
intensity, causing a reduction of the peak input pulse. Dissipation tests and the physical model experiments, the percent peak reduc-
also occurs due to redistribution of water in the soil matrix from tion and peak delay time were determined as a function of storm
the tail of the pulséHillel 1982). Therefore, the pulse continually  size.
decreases in intensity as it spreads through the soil matrix.

The SWMS2Dcode was applied to the ecology ditch for simu-
lating two-dimensional2D) vertical planar flow. The ultimate  Results and Discussion
goal was to replicate results from the physical model with the
code through calibration and then simulate alternative designs of The two indices of peak reduction and peak delay time are im-
the ecology ditch. An extra atmospheric boundary condition was portant in design. The values of their limiting performances, seen
added toSWMS2Do permit the application of highway runoff at  in the exponential decay as a function of storm size, provides
the edge of ditch. With the assumption of symmetry, a half section opportunity for ease of comparisons for different conditions.
of the ecology ditch was modeled to reduce computation time. These limiting values are compared in the following analysis and
The domain is made up of 6.1 ¢n6.1 cm (0.2 ftx0.2 ft) grid discussion.
elements. Grid elements can be rectangular or triangular allowing
the irregular geometry shown in Fig. 8. Specified flux, unit gra-
dient, and specified head boundary conditions make up the perim-
eter of the domain. An important trend noticed in the experiments was the effects of

After calibration of the modified code was completed, com- storm size on percent peak reduction and attenuation of the time
puter simulations were performed to test the effects of storm size,to peak. The effects of storm size can also be equated with the
rainfall distribution, constant rainfall application, media type, ini- effects of larger drainage are@s., more highway langsAll of
tial conditions, and the physical size of the ecology ditch. The the tests yielded a decrease in both the percent peak reduction and
simulations used 24-h duration storm sizes of 0.64, 1.27, 2.54,peak attenuation with increasing storm size. Fig. 9 illustrates
3.81, 5.08, and 6.35 crf0.25 to 2.5 in.. Another test was con-  these trends. An important characteristic can be seen in all of the
ducted with constant application rates of 0.06, 0.24, 0.48, and experiments. The drop in percent peak reduction and peak attenu-

Impact of Storm Size

Percent Peak Reduction vs. Storm Size for
Different Rainfall Hyetograph Distributions
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Fig. 13. Effects of input distribution on peak reducti¢®4-h stormg
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Table 4. Results of Constant Rainfall Application malized by their corresponding maximum input flow rate and the
elapsed time was normalized by the storm duration.

Runoff Maximum Average Approximate

intensity/ ditch transmission time to Analyzing Fig. 11 indicates that the relative width of the nor-
length storage path water steady malized hydrographs decrease with increased duration. This trend
(cmP/s/cm) (cm) content(%) state(s) shows, relative to the input storm duration, the outflow hy-
0.610 6.0¢ 10°P 0.35 2160 drograph has a greater spread with the higher intensity shorter
0.044 4.0¢10°P 0.31 3.600 duration storms. This spread of the hydrograph width causes
0.122 2 8 10° 0.26 5.100 greater percent peak reduction. Also, the drainage or tail of the
0.030 1.5¢10P 0.20 11,280 hydrograph is most affected by duration. Upon further consider-

ation, this occurrence can be explained fundamentally. For ex-
ample, the higher-intensity 1-h storm puts a short spike on the

ation tends to flatten out at storm sizes of approximately 1.27 cm ;ystem. The spike propagates through the system rapidly with

(0.5 in) and larger. These occurrences are caused by an increas%ncreased water cpntents anq corre_spono_ling hydraulic CondL.JCtiVi'
in ecology ditch soil water contents in the larger or higher inten- les. Since the spike has a higher intensity over a short period,

sity storms. An increase in water content results in greater storageWIOIer range of water content is used as storage causing greater

and an increase in the hydraulic conductivity. As the percent peakpeak red#Ct'on' I thfe sp|l_<|eb||s long in duration ?nd '°"Yer n m-k
reduction flattens as a function of storm size, the storage in the€Nsity, the range of available water contents for a given pea

soil must increase for larger storm events. Once saturation isintensity is reduced causing less peak .reduction. The.net re.sult is
reached, the hydraulic conductivity cannot increase any more, 9r€ater temporary storage of the peak input in the soil matrix for

causing the peak delay time to approach a minimum. shorter higher-intensity storms. ,
The impact of distribution on percent peak reduction and peak

o delay time was further tested by comparing results generated by
Effects of Storm Distribution the SCS Type I-A distribution to those from a modified distribu-

The impact of storm distribution was shown in two experiments tion. The modified distribution is wider in the area of the peak as
testing storm duration and a modified storm input distribution. Shown in Fig. 12. The reoccurring trend of peak reduction ap-
The effects of storm length were analyzed using three 1.27 cmProaching a minimum value with increasing storm size is evident
(0.5 in) storms with durations of 1, 3, and 6 h. All three storms in Fig. 13. However, the value of the minimum reduction is
used the SCS Type I-A rainfall distribution. In general, the per- highly related to the shape of the input hydrograph for a given
cent peak reduction decreased with storm duration and the peakditch media. Fig. 13 illustrates this relationship in a comparison
delay time increased as shown in Fig. 10. of percent peak reduction resulting from the SCS Type I-A and
The trend of increased peak delay time with increased durationthe modified rainfall distributions.
is reasonable since the storm intensity decreases with longer The impact of the input hydrograph shape may have the single
storm durations. A decrease in storm intensity reduces the waterlargest effect on the efficiency of the ecology ditch to attenuate
content in the vicinity of the pulse and the corresponding effective the peak flow. Notice, Fig. 13 shows a 23% drop in the minimum
hydraulic conductivity causing greater lag between peaks. Recallpeak reduction for the modified distribution. The modified hyeto-
that unsaturated hydraulic conductivity decreases rapidly with graph applied relatively high-intensity rainfall for 60 min versus
small decreases in water content. 30 min associated with the SCS Type I-A hyetograph. This ex-
Notice the trend of decreased peak reduction with increasing tended period of high-intensity input caused the drastic decrease
storm duration. One would expect greater peak reduction andin the percent peak reduction.
spreading of the hydrograph as a result of lower-effective hydrau-  As the applied peak duration increases, the moisture content in
lic conductivity and soil moisture content. To help explain this the transmission path approaches the steady-state water content
occurrence, a normalized plot of the outflow hydrographs is for a given peak intensity. The steady-state water content along
shown in Fig. 11. The outflow hydrograph flow rates were nor- the liner is dependent on the storm intensity. Theoretically, if

Peak Delay Time vs. Storm Size for
Different Rainfall Hyetograph Distributions

120

100 T * SCS Type IA

o0
(=]
I
T

x Modified Distribution

Peak Delay Time (min)
= [*X3
S &

[\
(=
I
T

oo
8
~
5 1
(=}
N;
S

3.00 4.00 5.00 6.00 7.00

Storm Size (cm)

Fig. 14. Effects of input distribution on peak delay tint24-h storm$
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Percent Peak Reduction vs. Storm Size for
Different Water Content Initial Conditions
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Fig. 15. Effects of initial conditions on peak reducti¢@4-h stormg
Peak Delay Time vs. Storm Size for
Different Water Content Initial Conditions
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Fig. 16. Effects of initial conditions on peak delay tint@4-h stormg

Table 5. Hydraulic Properties of Three Medias Simulated

Soil 0sat 0, «® N Ks (cm/9 Ky (cm/9 0y Description

USDA Sand 0.42 0.02 0.14 1.59 0.006 0.006 0.42 Rawls et al.(1982

Sand 0.40 0.07 0.07 3.00 0.05 0.026 0.25 Used in physical experiment
Gravel 0.40 0.03 0.20 4.41 1.00 1.00 0.40 Pipe bedding gravel

steady-state flow is reached before the peak input drops off, thenFig. 13 illustrates the peak reduction for this storm was only 7%,
no peak reduction will be observed. In order to determine the time which indicates near steady-state conditions were obtained.
required to reach steady state, simulations applying constant input  Table 4 also provides support for the exponential decay trend
rates were performed. of the percentage peak reduction with increasing storm size.
Larger storm sizes are associated with higher intensities. There-
fore, as storm size increases the storage in the soil matrix in-
) ) ) creases. This trend of increased storage tends to offset the drop in
Four constant rate rainfall simulations were performed to deter- o cant peak reduction as storm size increases. Once the system is
mine the effect of the input intensity on the_tlme r_eqmred to reach entirely saturated, theoretically no peak reduction will occur since
e e o e g i SOTeGe capacy o e ysem s depitd
~aoy oo S . . 9€ - A second important observation is the minimal impact on the
creased with the corresponding increase in input intensity. Table 4 . . . R
presents these results. peak (_jelay t_|rne resulting from.the_ twp different distributions. The
Referring back to Fig. 12, a peak highway runoff input inten- peak m_tengltles for th(_e two distributions are nearly the same as
sity of 0.42 cni/s per unit length of ditch can be calculated from ;hown n F'Q- 14, causing the same water conFen.t and correspond-
ing hydraulic conductivity along the transmission path. Thus,

the 6.35 cm(2.5 in) 24 h storm. This rate was maintained for a ' e ) ) ) -
duration of approximately 60 min. Therefore, according to Table INPut distribution shapes with the same peak intensity do not im-

4, steady-state conditions should have been met within 60 min.Pact the minimum peak delay time. This indicates that the peak

Constant Rate Application
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Percent Peak Reduction vs. Storm Size for Various Medias
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Peak Delay Time vs. Storm Size for Various Medias
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Fig. 18. Effects of different medias on peak delé4-h stormg

flow occurs along a saturated flow path that is relatively unaf- sisted of average water contents of 11% resulting from 24 h of
fected by the excess water in the modified distribution. The ex- drainage between storms. The wettest initial condition represented
cess water must be transmitted via a slightly thicker flow layer 3 h between storms with an average water content of 12%. As
that does not significantly alter the peak flow path. expected, the effect of initial conditions only impacted the hy-
The following conclusions can be made regarding the effects draulic performance during smaller storms as shown in Figs. 15
of the input hydrograph distribution. First, the peak delay time is and 16.
relatively unaffected by the input distribution. Second, the percent  The hydraulic performance of the ditch for larger storms is not
peak reduction is drastically affected by the duration of the peak sacrificed or improved based on initial water content of the media.
input. This observation is analogous to a detention pond. Deten-lIt is noted that the difference in initial water contents for each
tion ponds treat short duration high-intensity hydrograph much simulation is relatively small. However, recall the corresponding
better than a long lower-intensity hydrograph due to the available antecedent dry periods are 3, 24, and 72 h for the respective water
storage in the pond. A long steady rainfall depletes available stor-contents of 12, 11, and 10.5%. These results show the minimum
age reducing treatment efficiency. On the other hand, an emptypercent peak reduction and peak delay time should be relatively
pond may entirely consume a short, high-intensity rainfall event. unaffected by moist initial conditions resulting from low-intensity
The ecology ditch behaves in much the same way that leads to theainfall patterns. On the other hand, initial conditions resulting
impact of initial moisture conditions of the ditch media. from a week of hot summer weather is expected to have much
greater and improved impacts on the hydraulic performance of the
Effects of Initial Conditions ditch.
The |mpagt of initial condltlon§ on the ecology ditch’s perfor- Effects of Media
mance is important when considering the typical antecedent dry
periods of an area. The hydraulic performance was tested undeiThe effects of different ditch media on the hydraulic performance
three different moisture contents in the sand layer. The driestwere simulated in the computer model. Gravel and USDA classi-
initial condition was created based on 72 h between storms. Av- fied sand were compared to the sand used in the calibrated physi-
erage water contents were approximately 10.5%. The initial con- cal model(Rawls et al. 1992 Refer to Table 5 for the hydraulic
dition used in nearly all of the experiments and simulations con- properties of these media.
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Percent Peak Reduction vs. Storm Size for
Three Ditch Widths
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Fig. 19. Effects of ditch size on peak reductig®4-h stormg
Peak Delay Time vs. Storm Size for
Three Ditch Widths
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Fig. 20. Effects of ditch size on peak delay tini24-h stormg

The percent peak reduction is dependent on the storage charsectional area of the sand layer provides greater storage capacity.
acteristics of the media. Finer medias tend to retain water betterThe peak delay time is also affected by the increased size of the
causing larger percent peak reductions as shown in Fig. 17. Peakvings as shown in Fig. 20.
delay time is dependent on the effective hydraulic conductivity. The peak delay time is increased with size due to longer trans-
Thus, finer soils having lower hydraulic conductivities produce mission path lengths. The minimum delay times shown in Fig. 20
greater peak delay as shown in Fig. 18. for the 2.44 m(8 ft), 3.66 m(12 ft), and 4.88 m(16 ft) ditch sizes

were 16, 26, and 37 min, respectively.

Effects of Ditch Size and Side Slope

To test the hydraulic behavior of the ecology ditch as a function Peak Delay Time Analysis

of size, three different geometries were tested. The primary dif-

ference between each size was in the width of the wings. Wing The hydrologic results show trends of exponential decay of both

widths of 0.91 m(3 ft), 1.52 m(5 ft), and 2.13 m(7 ft) were peak reduction and peak delay as a function of storm size. The

tested and are referred to by total ditch widths of 2.44&nft), impacts of different conditions, such as storm distribution, ditch

3.66 m (12 ft), and 4.88 m(16 ft), respectively. All of these media, and ditch size greatly impact the hydraulic performance of

experiments were performed with the calibrated sand used in thethe ditch. Percent peak reduction is highly dependent on the un-

physical model. In addition, the initial conditions resulted from 24 saturated behavior of the soils and the input hydrograph distribu-

h of interevent drainage. tion. Quantification of percent peak reduction for different condi-
The hydraulic performance as a function of ditch size is very tions requires the use of a code suchS%MS2D However, a

important in the design of the ecology ditch. Figs. 19 and 20 fundamental trend was observed for peak delay time. Peak delay

illustrate the impact of ditch size on the percent peak reduction time can be estimated using a simple analysis.

and peak delay time, respectively. An approximation for the minimum peak delay can be calcu-
A larger ecology ditch wing makes a substantial difference in lated provided that the following assumptions are valij: the

the minimum values of the percent peak reduction. The minimum peak intensity of the input hydrograph is large enough to saturate

percent peak reduction for the 2.44 (@ ft), 3.66 m(12 ft), and the system;2) once saturation has occurred, a unit gradient is

4.88 m(16 ft) ditch sizes were 31, 49, and 61%, respectively. The assumed; an3) the travel time through the pipe bedding gravel

reason for increased peak reduction is that the larger cross-below the sand layer is assumed to be negligible since the hydrau-
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lic conductivity is an order of magnitude larger. Assumptidn impact would be to reduce pipe size but the downstream impact
occurs in most large storm events. Based on the computer resultsmight be to reduce scour. Furthermore, the timing of the peak is
assumption(2) was true for the media tested in the physical reduced anywhere from 15 to 60 min which could lead to longer
model. This assumption, however, may not be valid for medias time of concentrations.

with drastically different hydraulic properties. The internal hydraulic processes of the ditch were found to be
First of all, the seepage velocity) is calculated using very complex because of the nature of unsaturated flow. In gen-
K eral, the level of peak reduction and peak delay time were highly
v= a_"s (1) dependent on the unsaturated properties of the soil. This was seen
n n in the comparison of media types in which three relatively coarse
where K =saturated hydraulic conductivity; and=porosity. materials behaved drastically different. Peak reduction was found

Next, the distancéD) along the transmission path is calculated by to depend greatly on input hydrograph distribution and the ability
Dt @ of the soil to store water. In turn, the storage in the soil was found
=tpgv

to be dependent on the intensities of the input hydrograph. The
where t,q=user specified minimum peak delay time; anet peak delay time for larger storms was quantifiable since it de-
seepage velocity from Edq1l). After the distance along the trans- Ppended on the saturated hydraulic conductivity and the distance of
mission path is calculated, a ditch size can be formulated by as-the flow path.
suming the transmission path closely represents the outside pe- Severalimportant design recommendations can be made based
rimeter dimensions of the ditch. on the results of this project. Based on simulations of different
This procedure for calculating peak delay time as a function of media types and laboratory results, sand and coarse gravel are the
the seepage velocity and the distance traveled was proven byrecommended medias for the upper soil layer and pipe bedding
comparison to the results shown in Fig. 9. Recall these resultsmaterial, respectively. The sand should have similar hydraulic
correspond to the 2.44 18 ft) wide ditch with sand used in the ~ Properties as the sand used in the physical model. Most impor-
physical model. The total length of the transmission path in the tantly, the saturated hydraulic conductivity should fall within a
sand is approximately 127 cm along the liner. The porosity and range of 0.03 to 0.08 cm/s. There are two reasons for the tight
saturated hydraulic conductivity are 0.40 and 0.05 cm/s, respec-fange in hydraulic conductivity. First, if the material is any
tively. Assuming a unit gradient yields a maximum flux of 0.05 coarser, support of plant growth will be difficult in terms of water
cm/s as given by Darcy’s law, the seepage velocity is calculated atretention and an adequate media for root growth. Second, if the
0.125 cm/s by dividing the flux by the water content. The total material is finer or the saturated hydraulic conductivity is less,
travel time is approximated by dividing the transmission length clogging and ponding become an issue.
by the seepage velocity. This set of calculations yields a minimum A coarse gravel is recommended in the trench around the pipe.
delay time of 17 min which corresponds very closely to the mini- The gravel used in the experiments was classified as 3/8 in.
mum peak delay times observed in the physical model experi- Minus, which is a fine to medium gravel according to Yang
ment. (1996. In future applications, it is recommended that 5/8 in.
These calculation procedures are further tested using the ex-Minus or coarser material be used. Using a coarser gravel ensures
perimental results for different ditch sizes. Applying the calcula- Water flow in the geometrically smaller area of the trench will not
tion of minimum peak delay time yielded good results for the be restricted.
different ditch sizes. Calculated delay times for 2.44&nt), 3.66 The side slopes of the wing walls did not have a substantial
m (12 ft), and 4.88 m(16 ft) ditch sizes were 17, 26, and 33 min, impact on the output hydrographs. However, it should not hurt the
respectively. The corresponding observed peak delay times for thePerformance of the ditch to make the wing slopes shallower. If
three ditch sizes were 16, 26, and 37 min. logistics in construction are easier with shallow side slopes, then
slopes no smaller than 1:20 are recommended.
The ecology ditch also adds the potential for effective qualita-
Conclusions and Recommendations tive treatment. The level of sediment removal is expected to be
high since it acts as a sand filter. In addition, there is potential for
Based on the results of this research, the ecology ditch offers anPiological treatment of contaminants through plant growth. Fur-
effective means for the hydraulic treatment of storm water runoff. ther testing regarding the qualitative treatment capabilities is still
Using both a full-scale physical model and a modified two- neede_zd. I_:leld testing of the ecology_dltch sho_uld be performed to
dimensional unsaturated groundwater model, it has been deter£xamine impacts that were not easily tested in the laboratory. In
mined that the percent peak reduction and the peak delay timeParticular, the long-term impact of aging and sedimentation accu-
followed exponential decay trends as a function of storm size. mulation on the compost layer and the effects of vegetation
These values appeared to approach limiting values as the saturashould be examined. Different types of compost should also be
tion level of the soil increased. Experimentation indicated peak tested due to potential differences in hydraulic conductivities and
reductions were dependent on the media used in the ecology2dsorption characteristics. _
ditch, the input hydrograph distribution, and the ditch size, while ~ Each BMP has its place as storm water controls. The engineer
the peak delay time was dependent only on the media and ditchMUst optimize variables such as peak discharge, time of concen-
size. Also, the effects of initial conditions did not appear to have tration, space, to arrive at an economically SQU”d deSlgn- The
substantial impacts on either percent peak reduction or peak delay?c0l09y ditch is one more such BMP to put in the designers’
time for larger storms. toolbox.
As demonstrated in Fig. 9, the effects of storm size on peak
discharge and peak delay are substantial. For storm sizes ranging\cknowledgments
from 0.5 to 2.5 cm, the combined effects of the compost and sand
in the ecology ditch retain enough water to reduce the magnitude The writers would like to thank the Washington State Department
of the peak discharge by approximately 70—50%. The immediate of Transportation for funding and support of this project. They
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